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GLOSSARY
of common wooden boat design/construction words
(see Annex Cfor illugtrations of typica congruction details)

Ashcroft Congruction - Double diagond planking system with the planks of both skinsraking in the
samedirection.

Backbone - The"sping’ of the hull from which the frames radiate.

Back Rabbett - The surface againg which the Sde of aplank liesina rabbetted member. Theend
fagtenings of the plank penetrate the back rabbett of astem or sternpost; the lower or inner edge
fagtenings of aplank penetrate the back rabbett of aked or horn timber. See diagram below.

Rebbettline = Outer Rabbett Line
Apex Line = Middle Rabbett Line, Margin Line
Bearding Line = Back Rabbett Line, Inner Rabbet Line

Rabbett Line
ﬂ

v vy v S e N 2 - G ¢ S W 4 P e L - g

Bdlad - Added welght ather within or externd to the hull added to improve the sability of avessd or
bring it down to its designed lines.
Bdsa Sandwich - End grain basawood used as a core between FRP laminates.

Bagtard Sawn - Hardwood lumber in which the annud rings make angles of 30 degreesto 60 degrees
with the surface of the piece.

Batten - A thin flexible piece of wood.

Beam - A gructural member supporting aload applied transversdy to it. The transverse members of a
deck framing system; the width of avessd.
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Beam Knee - A gusst like member used to connect abeam to aframe.

Bearding Line - Theline formed by the intersection of the ingde of the planking with the Sde or face of
the ked.

Bending Steam - The process of forming a curved wood member by steaming or boiling the wood and
bending it to aform.

Bilge Flank - A strengthening plank laid ingde or outsde of avessd at the bilge's turn; also known as
"Bilge Stringer".

Binding Strake - An extrathick strake of sde or deck planking.

Box Section Mast - A hollow mast of round, square or rectangular section made up of long strips of
wood.

Breasthook - Timber knees placed horizontaly between two fore ends of stringersto reinforce their
connection to the stem.

Butt Block - A short longitudinal piece of wood used to back up the connection of two plank ends.

Buttock - That part of avessd's stern above her waterline which overhangs or lies doreast of the stern
post; the counter.

Buttock Lines - Lines representing fore and aft vertical sections from the centerline outward.
Camber - The curve of adeck athwartships.
Cant Frames - Frames whose plane of support is not perpendicular to the fore and aft line.

Capping - Fore and &ft finished piece dong the topside of an open boat, often improperly termed
gunwale; cdled acovering board, margin plank or plank sheer in adecked vess.

Calin - The fore and aft members of the deck framing system.

Cavd Planked - Smooth skinned planking whose strakes run fore and &ft.

Caulking (calking) - Cotton, oakum or other fiber driven into planking seams to make them watertight.
Celing - Aninner skin of the hull often used to add srength in boatshaving  sawn frames. In some
casesthe caling is not structura but merely servesto line the hull for decorative purposes or for easein

cleaning.
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Chan Pate - (Shroud Plate) A flat strip of metd fastened through the hull, either from insgde or
outside, to which the lower ends of the shrouds are attached.

Check - A lengthwise separation of the wood that usudly extends across the rings of annua growth
and commonly results from stresses set up in wood during seasoning.

Chine - Theline of intersection of the bottom with thesde of a vee or flat bottomed vessd.
Clamp - Thefore and aft member a the sheer line of the vessel to which the deck beams usudly fasten.

Clench Planking - Lapstrake, in which the adjacent planks overlap like clapboards of a house.

Clench Fagtening - Securing anail or rivet by placing arove (washer) over the inboard Sde and then
bending the fagtening over it. In many casesthey are Smply bent over by driving them againg a
backing iron, causng them to reenter the frame.

Clinker Built - See clench planking.

Coat, Mast - A protective piece, usudly canvas, covering the mast wedges where the mast entersthe
deck.

Cold Bent (frames) - Frames which are bent on forms and after shaping arefitted to the vessd.

Cold Molded - A method of boat congtruction usng a male mold over which layers of thin wood
and/or plywood are diagondly laid and glued together. Can be covered with epoxy or FRP.

CoveLine - A hollowed out decorative line found along the sheer of abodt.

Covering Board - A plank used asa"washboard" or "plank sheer" dong the outer edge of the deck. -
See Capping.

Cutwater - Theforward edge of the em at the waterline.

Dead Rise - The amount the bottom rises from ked to chine - most properly gppliedto™ Vee" bottom
congtruction but aso used in reference to the rising bottom of round bottom boats.

Deadeye - A stout disk of hard wood, strapped with rope or iron, through which holes (usudly three)
are pierced for the reception of lanyards. They are used as blocks to connect shrouds and chain plates.

Deadwood - The vertica structure built up from the ked to support the cant frames a the stern or

gem; longitudina timbers of avessd's structural backbone which lie entirdly outside the ked,
gernpost, and horn timber rabbett lines.
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Decay - The decomposition of wood substance by fungi.

1. (Advanced or typical) - The older stage of decay in which the destruction isreadily
recognized because the wood has become  punky, soft and goongy, stringy, ringshaked,
pitted or crumbly. Decigive discoloration or bleaching of the rotted wood is often

apparent.

2. (Incipient) - The early stage of decay that has not proceeded far enough to soften or
otherwise perceptibly impair the hardness of thewood. It isusudly accompanied by a
dight discoloration or bleaching of the wood.

Deck Head - The underside of the deck.

Diagond Planking - Planking lad on an angle to the kedl.

Displacement - The actud weight of aboat asit "digolaces’ itsweight when afl oat; not to be confused
with admeasurement tonnages.

Drift (Pins, Bolts) A long fastening driven (pin) or threaded (bolt) to receive end nuts, used for joining
heavy timbers such as horn timbers and stern frames; aso used to fasten and reinforce wooden panels
on edge, such asrudders and centerboard trunks.

Dry Rot - A term loosaly applied to any dry, crumbly rot but especidly to that which, whenin an
advanced age, permits the wood to be crushed easlly to adry powder. Theterm in actudly a
misnomer for any decay, Sncedl fungi require over 20% moisture to grow.

Dutchman - Wooden block or wedge used to fill the void in abadly made butt or joint; a graving piece
or repairing patch in adeck; filler; shim; short plank.

Edge-Grained Lumber - Lumber that has been sawed 0 that the wide surfaces extend gpproximately at
right angles to the annua growth rings. Lumber is consdered edged grained when the rings form an
angle of 45 degrees to 90 degrees with the wide surface of the piece.

Edging - Amount required to be cut away from the edge of aplank in fitting  strakes.
Edge Nalled - A method of fastening astrip plank to adjacent planks.
Facing - Building one piece of timber on ancther for strength or finish purposes.

Fase Ked - Sacrificid batten added to the kedl to protect the kedl from grounding and from marine
borers, eg. worm shoe.
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Faying - Joining closdly together.

Hat-Grained Lumber - Lumber that has been sawed in a plane gpproximately perpendicular to aradius
of thelog. Lumber is congdered flat grained when the annud growth rings make an angle of lessthan
45 degrees with the surface of the piece.

Hoor or Floor Timber - A transverse structural member lying across the ked and tying the frames on
ether sde of the ked together. Thecentrd futtock or futtocks of a sawn frame, lying acrossthe
ked. Hoor timbersjoin both sdes of avessd together and make up the substructure for externd ked
fagtenings, engine beds, and mast steps.

Hoorboards - Planking laid on top of the floorsto provide awakway. Also known asthe "sole”

Frame - The transverse structure at each section giving form to the hull. Frames connect to the kedl or
keds on and to the cdlamp or shelf at the sheer. Also known as"ribs"

Freeing Port - Any direct opening through the vessal's bulwark or hull to quickly drain overboard water
that has been shipped on exposed decks.

Futtock - Curved parts or sections of transverse frames extending from the floor timbersto the top
timbers.

Garboard - The gtrake of planking nearest the ked.

Green - Freshly sawed lumber, or lumber that has received no intentiond drying; unseasoned. The
term does not gpply to lumber that may have become completely wet through  waterlogging.

Grub Beam - A built up beam of short heavy timbers used to shape around stern.

Gusset - Any piecethat is used to join or strengthen the joint of two other pieces.

Hanging Knee - A strengthening bracket used between frames and deck beams.

Heartwood - The wood extending from the pith to the sapwood, the cells of which no longer
participate in the life processes of the tree. Heartwood may be infiltrated with gums, resins, and other
materidsthat usudly make it darker and more decay resistant than sapwood.

Horn Timber - One or more timbers forming the main support for an overhanging stern and extending
aft from the upper end of the stern post. Also used for timber connecting the shaft log and body post
with the rudder post.

Horse (n) - Theform upon which asmal boat is built.
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Horse (V) - To drive home, asto horse caulking.
Hot Frame - A frame which, after being softened by hest, is bent into shape asitisingalled.
Joint - The junction of two pieces of wood or venesr.

Butt Joint - An end joint formed by abutting the squared ends of two pieces. Because of the
inadequacy in grength of butt joints when glued, they are not generdly used.

Edge Joint - The place where two pieces of wood are joined together edge to edge, commonly
by gluing. Thejoints may be made by gluing two squared edges asin aplain edge
joint or by usng machined joints of various kinds, such as tongue-and-grooved
joints.

Scarf Joint - An end joint formed by joining with glue and mechanica fastenings the ends of
two pieces that have been tapered or beveled to form adoping plane surface, to
the same length in both pieces. In some cases, astep or hook may be machined
into the scarf to facilitate dignment of the two ends, in which case, the planeis
discontinuous and the joint is known as a sepped or hooked scarf joint or scarf
joint with nib.

End Joint - The place where two pieces of wood are joined together end to end, commonly by
scarfing and gluing.

Lap Joint - A joint made by placing one piece partly over another and bonding the overlapped
portions.

Starved Joint - A glued joint that is poorly bonded because insufficient quantity of g lue
remained in the joint. Starved joints are caused by the use of excessve pressure
or insufficient viscogty of the glue, or acombination of these, which result in
the glue being forced out from between the surfacesto be joined. Thisterm
should only gpply to epoxy glues. Joints made with other waterproof or water
resstant glues like resorcinol and urea-formadehyde (brown glue) should be
garved for maximum strength.

Kedson - Aninner ked usudly laid over the floors and through bolted to the ked!.
Kerf, Kerfing - To cut or make achannel with asaw blade.
Kiln Dried - Asin timber, refersto forced hot air circulation through a chamber to dry the wood.

King Plank - The centerline plank of adeck.
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Knee - See Hanging Knee.

Knot - That portion of abranch or limb which has been surrounded by subsequent growth of the wood
of the trunk or other portion of thetree. Asaknot gppears on the sawed surface, it ismerely asection
of the entire knat, its shape depending upon the direction of the cut.

Lapgtrake - See Clench Planking.

Limber - A hole dlowing the free passage of water from one areato another.

Lignum Vitae - A hardwood used for deadeyes and propeller shaft bearings.

Making Iron - A large caulking iron used to drive oakum into plank seams.

Mast Partners - Carlins between deck beamsto strengthen the area where the mast passes through the
deck.

Molding - Measurement of aplank or timber from inboard to outboard, i.e., pardle to the planein
which the member lies; opposed to sding measured at right anglesto such plane. Thus, the molding of
aframeismeasured in the thwartship direction while that of a stern pieceisits cross sectiond
dimenson fore and &ft.

Nib - The squared off end of atgpered piece such asascaf.

Noble Metd - A metd most resistant to deterioration due to galvanic action; the cathodic materid.
Oakum - A caulking materid of tarred fibers,

Partner - Stiffening or supporting piecesfitted in way of the passage of amast through adeck. See
Mast Partners.

Paying - Thefilling of the seam with seam putty, pitch, tar, or other type of seam sedant after caulking
it.

Pitch Pocket - An opening extending pardld to the annua growth rings containing, or that has
contained, pitch, either solid or liquid.

Pank - Strips of wood that form the "skin" of aboat; strakes.

Plank Sheer - See Capping.
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Preservative - Any substance that for areasonable length of timeis effective in preventing the
development and action of wood-rotting fungi; borers of various kinds and harmful insects that
deteriorate wood.

Prick Post - An outer post supporting an outboard rudder.

Quarter Knees - Latera brackets smilar to the breast hook used to join the sheer shelf or clampsto the
transom.

Quartersawed Lumber - Another term for Edge-Grained Lumber.

Rabbet - A longitudind channd or groove in a member which recaeived ancther piece to make ajoint.
Racking - Two or more structurd members working and becoming loose; structurd deformation of the
transverse section of aship'shull. A vessd issad to beracked if, when viewed end on, it gppearsto be
leaning or tilting over to one Sde. Symptoms of racking generdly appear at the junction of the frames
with the beams and floors.

Resorcinal - A formadehyde resin to which apowder hardener is added to form a strong water
resstant wood glue.

Rib - See Frame,
Sampson Pogt - Any post well attached to the vessels structure to take excessve loads, usedasa  hitt.

Scantling - The dimensons of dl structurd parts used in building aboat. A full scantling vessd is of
maximum required sructurd dimensons.

Scart (scarph) (n) - A joint by which the ends of two structura pieces of timber are united so asto
form acontinuous piece; algpped joint made by beveing off, notching or otherwise cutting away the
gdes of two timbers at ends, and bolting, riveting, or strapping them together so asto form one
continuous piece without increase in sectiond area a thejoint.

Scaf (v) - Tojoin the ends of two timbers so asto form a continuous piece in gppearance; thejoining
of wood by doping off the edges and maintaining the same cross section throughout the joint.

Scupper - A pipe or tube leading down from a deck and through the hull to drain water overboard.

Shake - A separation dong the grain, the greater part of which occurs between the rings of annud
growth.
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Sheer, Sheer Line - Theintersection of the deck and the hull; the longitudind sweep of the  deckline
from the sem to the sternpost upward at the endsin traditional designs, and downwards at the endsin
reverse-sheer designs.

Sheer Strake - Thetop or uppermost plank inahull.

Shdf - Line of timbers bridging and thus stiffening frames but chiefly for supporting the end of the deck
beams.

Shipworm - A misnomer for the wood boring mollusk  Teredo which feeds on wood cdllulose.
Another but different marine borer, the Limnorag, isdso misnamed shipworm.

Sding - Generdly the sawn or planed thickness of the planks or timbers from which wood members
are shaped or cut. See Molding.

Sider - Asingder frameor sster kedson. A member atached to or laid dongsde an origina member
to strengthen it, either asan origind construction technique or asarepair.

Soiling - The edge curvein a strake of planking.
Solit - A separation of the wood with the grain due to the tearing apart of the wood cells.

Spline - Asin spline planking. A thin tapered strip of wood glued and hammered into  carvel plank
seams which have become enlarged and spill caulking interndly.

Sain - A discoloration in wood that may be caused by such diverse agencies as micro-organisms,
metd, or chemicds. Theterm aso gppliesto materids used to impart color in wood.

Seder - Inthe shdl planking toward the ends of avessd a  drake introduced as asingle continuation of
two tapering drakes. One of (usualy the shorter or narrower of) the two planks which are butted into
asgngle plank as double continuation or as the short piece notched into alarger plank to add width not
available on one board.

Sern Frame - The frame work around the insde of the transom.

Stopwater - A softwood dowel driven across alap, scarf, or butt joint in the backbone structure or
elsawhere, to prevent seepage of water into the hull; any contrivance to accomplish this purpose.

Strake - One of therows or gtrips of planking congtituting the surface of the hull.
Strip Planking - Carve congtruction where each plank is edge nalled to the adjacent planks.
Téeffral - A timber rail around the aft deck of avessd.

G-9



Treenal - (Trunne) A wood dowe used as a fastening; often fitted with awedgein the dowe end to
holditin place. Densewood such aslocust is used for the dowd.

Wane - A defective edge or corner of aboard caused by remaining bark or a beveled end.

Warp - Any variation from atrue or plane surface. Warp includes bow, crook, cup and twist or any
combination thereof.

Westhering - The mechanicd or chemica disintegration and discoloration of the surface of wood
caused by exposureto light, action of dust and sand carried by winds and dternate shrinking and
swdlling of the surface fibers with the variation in moisture content brought by changesin the westher.
Weathering does not include decay.

Wit - A grip of wood fastened over aflush joint or seam for strengthening purposes;, a seam batten.

Wicking - A caulking materid such as oakum or cotton , used to wrap afastening in order to protect it
from moisture.

Worm Shoe - A non-structura piece of wood placed at the bottom of the ked to protect the ked from
marine borers.
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CHAPTER 1. DESIGN CONS DERATIONS

. INTRODUCTION

Watercraft have evolved over centuries of trial and error to the more "modern” state of the art
vessaswe are now familiar with. Wood as aboat building materid is still used in many parts of the
world asthe most readily available, easy to work, repairable materia for marine gpplications. Even
with the advent of composites, fiber reinforced plagtic (FRP) and lightweight metals, wood will for
many yearsto come, continue to be amgjor factor in the design of boats.

. ACCEPTABLE CLASSIFICATION SOCIETY RULES

Lloyds Register of Shipping Rules and Regulations for the Classfication of Y achts and Smdl Craft

is the standard adopted by reference in Coast Guard regulations for the design and construction of
wooden small passenger vessdls. LIoyds Rules gpply to vessds of up to 50 meters (164 feet
scantling length).

Other classfication society sandards may be accepted on a case-by-case basis.

. GOOD MARINE PRACTICE

No single publication contains al the innovations found in the design of wooden vessdls. This
circular and the readings referenced in Annex R form abasis of good marine practices from which
owners, designers, builders, ingpectors and surveyors can, dong with experience, maintain the
highest levd of smdl passenger vessd safety.

. TYPICAL CONSTRUCTION DETAILS

Annex C contains severd illudrations of typica congruction details. Anindex of these illustrations
can be found on page C-1.



CHAPTER 2 PLAN SUBMITTAL GUIDE

A. INTRODUCTION

This chapter isintended as a generd reference and guide for submitting the plansfor a proposed
vessd to the Coast Guard. It isnot acomplete text on nava architecture or acommentary on
classfication society rules. Plans should be submitted in accordance with the appropriate
regulaionsto the Marine Safety Center (MSC) intriplicate.

B. PLAN REVIEW

1

Pansfor amdl passenger vessdls of wooden congtruction are generdly reviewed by the local
Officer in Charge, Marine Ingpection (OCMI). For vessals over 65 feet in length and/or vessels
incorporating novel designs or specifications not entirdly addressed by acceptable Classfication
Society Rules, plan review will be conducted by the (MSC).

Lloyd's Rules and Regulations for the Classification of Yachtsand Small Craft  should be used
asareferencefor desgns aswell as gpplication to existing vessdls.

C. OTHER CLASSIHCATION SOCIETY RULESAND STANDARDS.

1

2.

Direct referenceto Lloyd s Rulesis based on the familiarity that Coast Guard ingpectors and
technica personnd have with reviewing avessd designed to those sandards. This does not
prevent adesign from being based on the rules of another classification society or on some
other stlandard. The burden of proof rests with the designer to show, with thorough
engineering documentation and logic, that a proposed vesse meetsaleve of sofety at least
equivaent to that prescribed by LIoyd's Rules.

Another useful "higtoricd" reference that may be used as aplan review guide is "Merchant
Marine Safety Ingtruction 14-60" dated 14 April 1960. Thisingtruction contains scantling
tables for 500 wooden T-Boats up to 60 feet in length, which have been gpproved for routes
ranging from riversto oceans. The scantlingsin this reference are from a sampling of vessals
certificated based on years of satisfactory service Smilar to the present "Five Year Rule' noted
below.

D. THEHVE YEARRULE

1

Definition. The"HveYear Rule' isdefined as:

"When scantlings differ from such standards and it can be demondtrated thet craft
gpproximating the same size, power and displacement, have been built to such scantlingsand
have been in satisfactory service insofar as structura adequiacy is concerned for a period of at
least 5 years, such scantlings may be gpproved. A detalled structurd andyss may be required
for specidized types or integral partsthereof.” Determinations for meeting this rule are made
for each case on individud basis by the OCMI.
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2. Burden Of Proof . The burden is upon the designer or owner to show the Smilarities between
the proposed vessel and an exigting vessd. The Coast Guard gpproving authority may need
documentation showing the Smilaritiesin Sze, power, displacement and scantlings, and may
conduct a survey and/or underway check of the smilar vessd's performance in the anticipated
operating area. Scantlings can vary greeatly for smilar 9zed wooden vessdls depending on
materids used.

3. Sdtidactory Service. The service life of small passenger vessals vary greeily depending on
location, maintenance, and use. An inner harbor tour boat experiences avaslly different service
environment than does a degp sea party fishing vessdl, and is normdly designed quite
differently. An existing vessel used as abadsfor a proposed new vessd should have
experienced at least the same operating environment planned for the new vessd for five years,
showing satisfectory service. A amilar relaionship of experienced sarvice to expected service
should be presented to the OCM I for an exigting vessel changing service into Coast Guard
certification.
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CHAPTER 3: MATERIAL

A. SHIPBUILDING WOOD

Wood is an engineering materid. Douglas Fir, Southern Y ellow Pine (long leef), and White Oak
furnish most of the wood used for boat and shipbuilding in the United States. Of these, Douglas
Fir isthe predominant choice due to availability and reatively rapid growth.

1. When requirements cdl for strength, moderate to good decay resstance and ability to hold
fagteningswdl (frames, keds, gems, etc.), the following woods are most commonly used:

Douglas Fir

Southern Yédlow Pine (long lef)
Teak

Western Larch

White Oak

2. Wherelight wood, which is easy to work and iswarp and decay resstant, isrequired
(planking, etc.) the following woods are most commonly used:

Cypress

Mahogany

Cedar (Port Orford, Northern White, Western Red and Alaska)
Tangile (Philippine hardwood)

3. Wherelight, easily worked and strong woods of moderate to low decay resstance are
required, the following woods have found favor:

Sitka Spruce
Western Hemlock
White Fine
Ydlow Poplar

There are many other varieties suitable for boat use. These are listed together with their
propertiesin The Encyclopedia of Wood and Wood - A Manud for its use as a Shipbuilding

Materia (References 1 and 10).

B. BENDING WOODS

Unseasoned White Oak is the choice bending wood. It bends reedily and is high in decay
resstance. Red Oak, Hickory, Rock Elm, White Ash, Beech, Birch, and hard Maple, dso bend
readily but do not have the decay resistance of White Oak. White Oak and its best subdtitute,
Rock EIm, are expensive and hard to obtain, but do the best job. For afurther discussion of the
effects of bending and bending ratios of various types of woods see "Bent Frames', Wooden
Boat, No. 86, page 87.
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C.

It isimportant to remember that bending woods are unseasoned and therefore should show a
moisture content over 15% (18% isdesrable). Attempting bends with dry wood resultsin
cracks acrossthe grain particularly in hulls with sharp bends at the turn of the bilge.

PLYWOOD

Plywood isabuilt up board of laminated veneersin which the grain of each "ply" is
perpendicular to the ones adjacent to it. Its chief advantages liein more nearly equa strength
properties dong the length and width of the panel, ressance to change in dimensons with
moisture content and resistance to Splitting. Mgor disadvantages are low decay resistance and

the difficulty of painting it properly.

Plywood is excdllent where strength is needed in more than one direction and where the
redively large Sze of the panels available can be utilized. 1t isno stronger than the wood from
which it ismade and is not acure-dl for wood structura problems.

Plywood is made from severd types of wood and in many different typesand grades. In
generd, "Marine-Exterior” type of fir plywood or its equivdent, technicd or Type 1 hardwoods
aretheonly plywoods acceptable for use ashull planking. These plywoods areidentica with
ordinary "Exterior" typein that they are bonded with waterproof glue by a process using hest
and pressure. Ther advantage liesin the fact that the interior plies contain few gaps and thusits
strength, ability to hold fastenings and resistance to decay are much higher than "Exterior".
"Marine' plywood is more expensve than "Exterior" but provides additiond safety and
durability.

Fir plywood is graded according to the gppearance of the exterior veneers. These gradesrun
from grade "N" intended for naturd finish and grade "A", suitable for painting, down through
grade"D", the poorest quality. Each Sdeisgraded. For example, apanel may be graded
"Marine Exterior A-B" where "Marine Exterior refersto the type of bonding used and the
dlowable defectsin theinner plies, while"A-B" refersto the gppearance of the two sides of the

pand.

Marine plywood is usudly avalable only in gopearance grades B-C and better. The strength of
the wood isindirectly reflected in the grading since the poorer grades have openings, splits,
pitch pockets and other defects which adversdly affect strength and decay resstance.

All plywood is marked with its classfication. This classification may appear on the pand back,
on itsedge or both. Marine plywood is clearly marked "Maring’.
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D. WOOD DEFECTS

Wood, being anatura materid, isnot uniform in quaity and is subject to defects. Some of
these affect only the gppearance of thewood. Others affect the strength of the wood and are of
importance.

Boat building and repair craftamen carefully select each piece for the intended use. Often aload
of timber, even milled from the same tree, will display avariety of defects. Wood with knots,
checks, excessve warp, splits and pitch pockets should be rgected for use particularly in hull
Structure gpplications.

E. MECHANICAL FASTENINGS MATERIALS

Mechanica fagtenings should be of materid suitable for the service intended. Ferrous fagtenings
should be hot-dipped gavanized. Among the usud non-ferrous types brassis not acceptable in
sdt water goplicationsasit will corrode from de- zincification and isinherently soft and wesk.

Caution should be used in selecting fastening materid because of the problem of galvanic action
which can ariseif dissmilar metals are used close to one another. A bronze washer used with a
ged bolt will result in the eating away of the stedl. Proper sdection of fastening materias will
ggnificantly prevent corroson and thereby extend their servicelife.

Marine gpplications of sainless sted dloys (chromium-nickd) are subject to a phenomenon
known as contact corroson or more commonly, crevice corroson. Stainlesssedswhich arein
contact with each other or placed in tight joints (nuts and bolts), swage connections (Sanding
rigging), or used to fasten wood planking below the weterline, corrode a an darming rate. The
vehicdle of crevice corroson isdectrolytic cdl formeation. If the sainless ted isunableto
naturaly form athin film of chromium oxide to shield the materid from attack, corrosve liquids
such as At water are able to establish dectrolytic cdlls with chloride ions and corrosion takes
place. In short, dainless sted depends on oxygen to provide protection againgt crevice
corrosion.

Grade 316 L (passve) sainless sted isthe most accepted materid for marine applications due to
the introduction of molybdenum to the dloy. For example: grade 304 sainless sted has 18%
chromium and 8% nickel in the aloy while grade 316 L has 18% chromium and 10% nickd and
3% molybdenum. Grade 304 is quite susceptible to crevice corroson when employed in tight
gpaces and unable to generate chromium oxide. The 316 L materid will last longer in the same
goplication.

Chandlers usudly stock only brass and stainless sted, both being very unsuitable for underwater
fagtenings. The grade of gainlessisrarely mentioned and is often only Type 304.
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Gengdly, danless sted fasteners should not be used underwater. However, they are used quite
frequently, but only if al of the following conditions are met will they be satisfactory:

@ Audenitic grade at least Type 304, preferably Type 316.

(b) Not passing through wet wood.

(© Ample sed ant under the head and in between mating surfaces.

(d) The item to be fastened isless noble than dainless; i.e. dl the copper dloysand,
with somerisk of hole enlargement, sted and iron.

Note Condition (b) indicates that stainlesswood screws should never be used
underwater.

The choice of gainless ded fasteners below the waterline should be carefully consdered based
on thewater sdinity, grade of stainless sted fagtener avallable, and materid of other fasteners
andfittingsinthe hull. Stainless sted may be subject to varying degrees of accderated crevice
corroson. For moreinformation, see Metal Corroson in Boats, (Reference 13).

The number, Sze, type and gpacing of fastenings for various gpplications are given in Lloyd's
Rules and Regulations for the Classfication of Yachtsand Smdl Craft , Part 2, Chapter 4.

A generd guidefor use of the various types of fastenings follows:

F. SCREW FASTENINGS

1. LeadHdles. Lead holesfor wood screws should be about 90% of the root diameter of the
screw for hardwoods and about 70% of the root diameter for softwoods. For large screws
and for hardwoods, a shank hole of a diameter equd to the shank of the screw and of a
depth equd to the shank may be used to facilitate driving. Lag screws should dways have a
shank hole.

Thelead hole for the threaded portion of alag screw should have adiameter of 65-85% of
the shank diameter in oak and 60-75% in Douglas Fir and Southern Pine with alength equa
to the length of the threaded portion. Denser woods require larger lead holes and the less
dense require smdler holes. For long screws or for screws of large diameter, lead holes
dightly larger than those recommended here should be used. The threaded portion of the
screw should be inserted by turning and not by driving with a hammer.

Where possible, screws should be selected so that the unthreaded shank penetrates the joint
for greastest strength and corrosion resistance, and to facilitate the drawing together of the
members. In this case, the shank hole shdl extend the full length of the shank. If conditions
prevent the shank from extending through the joint, the shank hole shal extend completely
through the member containing the heed, to prevent threads from engaging in that member,
which might prevent the joint from drawing up.
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Figure A: Typicd Wood Screw
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Figure B: Wood Screw Properly Inserted And Countersunk
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2. Lubricants. Suitable lubricants such aswax, grease, or heavy paint, but never sogp should
be usad on screws, especidly in dense wood, to make insertion easer and prevent damage
to the screw.

3. Depth. Penetration of the threaded portion for at least adistance of 7 screw diametersfor
hardwoods and 10-12 in softwoods is required for maximum holding power.

4. Loading. If possible, screws should be placed so that they are loaded across the screw and
not in the direction of withdrawa.

The spacing, end distance and edge distances for wood screws should be such asto prevent
gplitting thewood. Lag screws should follow the rules for bolts. For further information
concerning wood screws, see Wooden Boat, Issue 54 & 55 (Reference 17).

G. NAIL FASTENINGS

Hot dipped gavanized cut boat nails have traditionaly and are till being used in boat building.
Barbed or annular ring nails have been successful and are suitable depending upon their
goplication (usudly smdler scantling vessds). Smooth, thinly coated or plated nalls, with smdl
irregular heads and long tapered shanks such as horseshoe nails and ordinary “cut nalls’ (i.e.
hardwood flooring nails) will not provide sufficient holding power and should not be used. In
addition, wire nails are not acceptable for hull construction.
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2.

Lead Holes. Lead holesfor naled joints may be 3/4 of the diameter of the nail without
causng loss of strength.

TypesOf Load. If possible, nalls should be loaded across the nall and not in the direction of
withdrawa. Thisis especidly important in end grain.

Spacing Of Nalls. The end and edge distancesand  spacings of the nails should be such asto
prevent splitting of the wood.

. BOAT SPIKESAND DRIFT BOLTS

1

Lead Hales. Lead holesfor boat spikes should be the size of the short dimension of the
pike and should extend gpproximatdy 75% of the spike depth. The lead holes for drift
bolts should be dightly less than the bolt diameter and of a depth equd to the bolt length.

Type Of Load. Where possible, spikes and drift bolts should not be loaded in withdrawd.
Thisisespecidly important in end grain.

Insertion. A clinch ring or washer may be used under the head to prevent crushing of the
wood. Spikes should be driven with the edge of the chisel point across the grain to avoid
gplitting the wood.

Spacing of Spikes and Drift Bolts . The end distance, edge distance and spacing of the
spikes should be such asto avoid splitting the wood.

Bolts. Balt holes should be of such diameter asto provide an easy fit without excessve
clearance. A tight fit requiring forcible driving of the bolt is not recommended.

Placement Of BoltsIn Joint . The center to center distance between boltsin arow should be
not less than four times the bolt diameter.

The spacing between rows of bolts should be 5 times the bolt diameter for abolt whose
length from the bottom of the head to the inner Sde of the nut when tightened is 6 times the
bolt diameter or longer. For short bolts, this distance may be decreased but in no case
should be less than 3 times the bolt diameter.

The"end distance" from the end of a bolted timber to the center of the bolt hole nearest the
end should be at least 7 times the bolt diameter for softwoods and at least 5 times the bolt
diameter for hardwoods. These requirements should be relaxed where necessary in the case
of bolted planking butts to alow the “front row” of fastenings on each sde of the butt to be
bolts.
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The "edge distance’ from the edge of the member to the center of the nearest bolt hole
should be a least 1 1/2 times the bolt diameter. For boltswhose length is over Sx times
ther diameter, use one hdf the distance between bolt rows and in no case below 1 1/2 times
the bolt diameter.

For perpendicular to the grain loadings (joints at right angles), the edge distance toward
which theload act, should be at least 4 timesthe bolt diameter.

|. BOLTING GROUPS

In generd, dl groups of bolts should be symmetricd in the members. Theindividua fagen- ings
should be offset dightly as necessary to avoid placing more than one on the same grain.

1. Washes. Theimportance of washers, especidly under the heads of fastenings which may be
loaded in tenson either because of externa stresses or because of swelling stresses, cannot be
overgtated. Thewesk link in most metal-fastened wood structuresis not the tensile strength
of thewood or of the fastenings, nor the withdrawal resistance of threaded fastenings. The
wesk link isamost dways the cross-grain crushing strength of the wood
under the heads of the fagtenings. Care should be exercised in drawing nuts down on the
bolts too tight and crushing the wood.

2. Wickings. A suitable wicking should befitted in way of the faying surface of thejoint a each
through bolt subject to moisture.

J. ADHESIVES

Household glues having low moisture res sance have tendencies towards early joint fallure and
should be avoided in marine gpplications.

Resorcinol and Phenol-Resorcinal resin type marine glues have been used for many yearsand are
satisfactory for most new congruction and repair applications. Resorcinol age hardens and
becomes brittle and indastic over time and should be limited to rigid surfaces where shear,
vibration and impact forces are unlikely.

Ureartype adhesives such as Weldwood Plagtic Resin glue are available in water mix one-part
and two-part resn/hardener mixes. Useof  uress requires specia care particularly with the two
part system as, unlike epoxy resins, the urealis gpplied with resn on one surface and the hardener
on the other. Clamp pressureis then gpplied and the cure begins.

Epoxy resns are available for awide variety of marine gpplications and have been found to
provide excdlent adheson in dl areas of boat building. In the early 1960's epoxy adhesves were
introduced to western boat builders by the Gougeon Brothers of Bay City, Michigan, through
their registered trademark WEST SY STEM. Epoxy resns are two part adhesives and depend
on accurate mixing ratios to yield high strength joints. Epoxy is aso an excellent filler materid
when thickened to high or low dendity with micro fibers, micro baloons or colloidd slica
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Not dl woods are easily joined. Wet wood (above 18% moisture content) is difficult to glue.
Norma seasoned wood of most species can be glued. Strong joints can be made bonding elther
face or Sde grain of thewood. Thesejoints can be very nearly as strong asthe wood itsdlf. Itis
impossible to join end grain with glue and get joints which are even 20% as strong as the wood.
A scarf or some other form of joint which gives a surface gpproaching sSde grain condition must
be used where end connection is degired.

Aswith any chemicas the manufacturer'singtructions must be carefully followed. Curing
temperature and surface condition are important. The temperature must be about 70 degrees
Fahrenheit or higher for afull cure of resorcinol resn glue.  Faying surfaces should be well fitted.
Smooth surfaces make the strongest joints with resorcinol, however aroughened surface for
epoxy jointsis generdly helpful inimproving bond srength, especidly with hardwoods, such as
oK.

K. WOOD PRESERVATIVES

The use of wood preservativesis not required. However, their use in wood under severe
service conditions may pay for itsalf many timesin decreased decay and borer attack and thus
decreased repair and replacement costs. Thelr proper use should be encouraged since it
increases the chance of the vessdl remaining sound until her next ingpection and thus contributes
to maintaining areasonable standard of safety.

Wood preservatives used for protection againg decay fungi and marine borers either kill the
organism or prevent it from growing. For marine use the preservative must offer no toxic
hazard to the crew, must be free from objectionable odors and must be able to remain in the
wood and do itswork in the presence of moisture. No known wood preservativeisided for
marine use but certain ones have proved effective for specific gpplications.

There are two generd classes of wood presarvatives, oil soluble and water soluble. Both have
been used in the marine indusgtry.

1. Oil Soluble Presarvatives.

A. Coal Tar Creosote. One of the mogt effective of the oil soluble preservativesiscod tar
creosote. This preservetiveis highly toxic to wood attacking organisms, isrdatively
insoluble in water and is easy to gpply. It has adigtinctive unpleasant odor, is somewhat
of afire hazard when freshly gpplied and causes skinirritation in some individuds. Its
main disadvantage isthat it is a hazardous materid to the environment and thus has
become unavailable for boat building applications. However, some older vessdswith
deadwood, ked, sems and heavy timbers which were originaly treeted with creosote,
aedill insarvice
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B. Copper Naphthanate Solutions. Copper naphthanate solutions form one of the most
used groups of marine wood preservatives. A three percent solution, equivaent to one
haf of one percent copper by weight, provides good protection against decay when
properly applied. The protection afforded against marine borersis dight. Wood treated
with copper naphthanate is adistinctive green color. Much of the "treated wood" which
can be purchased is preserved with copper  ngphthanate. The paintability, glue bonding
ability, and structurd stability of thewood is only dightly affected by the copper dts.
These propertieswill vary, however, depending upon the oil used asasolvent. Itis
important to note that this substance poses a serious hedth hazard to humans. Full body
protection should be worn during gpplication.

C. Pentachlorophenol Solutions. "Pentd" solutions have proven satisfactory for marine
use. Fed tests have shown that a 5% solution offers adequate protection against decay
when proper gpplication techniques are used. Little if any protection againgt marine
borersis provided.

Pentachlorophenaol does not give wood any didtinctive color. Initsdf, it affectsthe
characterigtics of wood very little. Thefind effect of the preservation trestment on
physica characterigtics depends upon the petroleum solvent used.  Pentachlorophenol
solution remains effective for gpproximatdy 2-3 years beforeit beginsto bresk down.

2. Water Soluble Preservatives .

A. Water Soluble Preservatives. Copper ngphthanate and " pentd’ are often combined with
water repelents. These repdlents aid in stabilizing the moisture content of the treated
wood. Thisisa materid ad in reducing the chance that decay growth conditionswill
occur. In order to be effective these solutions should contain no less than 5%
pentachlorophenol or 2% copper in the form of copper naphthanate.

B. Solvents. Almost any petroleum product from minera spirit to used engine ail can be
used as avehiclefor the preservative depending upon locd conditions. In generd, the
heavier high viscosity resduum types offer the best retention. The choice of solvent is
usudly acompromise of effectiveness, paintability and initia cod.

C. Water Preservatives. Waterborne presarvativesinclude zinc chloride, tandith, copper
arsenite, chromated zinc arsenate and many others. Their mgor gpplications are those
in which the leeching out of the preservative by moistureis not aproblem. In generd,
these preservatives have not proven satisfactory for severe marine sarvice. Some
preserved wood obtained for repair use may have been pressure treated with one of
these preservatives. It can give stisfactory sarviceif careistakento useitin alocation
whereit is protected from the action of rain and sea water
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3. Methods Of Treatment .

A. Pressure Treatment. Inthe commercid treating of wood a method utilizing high
pressureisoften used. This method requires expensive equipment and is seldom seenin
aboat yard. Nonpressure treetments available to the boat yard are brushing, cold
soaking, and various types of "hot and cold" bath processes.

B. Brush Treatment. Thesmplest way of gpplying a preservative solution isto brush it on.
Every crack and check must be flooded with preservative if the treetment isto be
effective. Smdl pieces such as butt blocks can be dipped into the preservative,
Solutions of pentachlorophenal or copper naphthanate available commercidly, have
proved effective when used in thisway.

"Penta’ stock solutions are available in what isknow as 1:5 and 1:10 strengths, (i.e. the
solution must be diluted one part of solution to five or ten parts of solvent to achievea
"norma" wood preserving solution). These stock solutions are used without dilution
for gpplications such as preserving cracks, holes resulting from old fastenings, and
coating joints and hard to get spots. Care must be exercised Snce wood preservatives
aretoxic. When using the brush-on method the entire surface must be thoroughly
coated.

C. Soaking. Cold soaking in copper naphthanate or " penta’ solutions for periods of up to
48 hours provides much better retention of the preservative than does abrushing. An
even better method consists of heeting the wood in a hot preservative bath and then
trandferring it to a cold bath of preservative. The heating causesthe air entrapped in the
wood to expand. The sudden cooling sets up a vacuum which ads presaervative
penetration.

Preservative solutions or other chemicals which release copper ionsinto wood or into
the bilgewater should be avoided in vessds containing ferrous fastenings. Copper ions
are more stable than iron, and will spontaneoudy plate out on sted or on zinc coatings,
replacing equa numbers of iron or zinc ions, which go into solution (replacement
corrosion). While the amount of direct wastage of iron or zinc from thismechanismis
likely to be minimd, the presence of copper-plated regions on the surface of the sted

fittings cause them to become small, isolated galvanic cdls. The further corrosion of the
ded or gdvanizing may be sgnificantly increased by the presence of copper surface
indusons

Copper ngphthanate (Cuprinal), Chromated Copper Arsenate (CCA) and Ammoniacd
Copper Arsenate (ACA) wood preservetives are one common source of copper ionsin
thewood or bilgewater. Another source is the addition of chemicd treatmentsto
bilgewater. A traditiona solution to the problem of sour  bilges due to generation of
hydrogen sulfide gas by bacteria bresking down spilled diesd fud isto dissolve copper
chloride crygdsin the bilgewater.
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B.
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CHAPTER 4. GUIDE TO INSPECTION
GENERAL
Intelligent ingpection of wooden vessd congtruction requires knowledge and judgment.
Ingpection is made to determine that the vessdl is safe and has a reasonable chance of remaining so
until the next scheduled ingpection. A good basic knowledge of wood congtruction and the
deficenciesto which it is susceptible is essentid.

WHAT TO LOOK FOR

Problems in wooden vessd's group themsalves into three categories:

1 Time
a Decay
b. Wood Borers
c. Corrosion

2. Stress
a Cracks
b. Broken members
c. Falureof fastenings
d. Falureof caulking

3. Damage
a Hull damage dueto callison, grounding or to norma wear and tear

STRUCTURAL PROBLEMS

In wooden vessdls Sructurd problems develop in nearly new vessds aswell asin older ones.
Deterioration, especidly that caused by decay and wood borers, can occur with surprisng
rapidity. Boatswhich have been free of such infestations can become infected with dight changes
insarvice areaor operation. Fagtening problemsin new wooden vessels can dso develop asa
result of severd types of corroson.

Poor selection of wood structural materials or lack of ventilation will often make themselves
known inthe first year of avessd’ssarvicelife. That the vessd was sound at its last ingpection
has less bearing on the present condition of awooden vessd than on one of sted.

CONDITION OF VESSEL FOR INSPECTION .

If practicable, ingpect the vessdl out of the water with the interior of the hull opened up as much as
posshle. The hilgesand forepesk should be dry and reasonably clean. Excesstackle, tools and
gear which might interfere with proper inspection should be cleared avay. Thisisnot dways
possible; however, hard to ingpect (and thus hard to maintain) areas should not be missed.
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Wheretheinterior of the hull has closdly fitted celling or paneling, sufficient access should be
provided to alow examination of theinterior at selected locations. This can be accomplished on
lighter scantling vessals by cutting ingpection openingsin the celling which will dso adin
providing ventilation to combat dry rot. On heavy timbered vessels, borings or core samples may
be usad to show the condition of hidden structures. Apparent soundness of the calling should not
be taken asindicative of soundness benegth.

In some cases access for frame ingpection may be made by remova of sheer/waterline and/or
garboard planks for ingpection from the outside. In any case, visud ingpection must be
accomplished to ascertain conditions under callings. Full ceiling vessdls often lack ventilation
between frames therefore making them alikely place where decay can be found.

Some vessalswill be found with poured concrete, balast ingots or other  interferences which make
internd bilge ingpection and condition of floor frames/fastenings and ked bolts difficult to

evduae. Whereit is possble to remove some of the materia without damaging the hull or

internd structural members, sufficient access should be made for examination. Careful
documentation of conditions found must be accomplished to avoid unnecessary remova of
internas.

The vessd's underwater body should not befilled, faired or painted before it is examined.
Coatings cover amultitude of defects such as cracks, bleeding or loose fastenings, discolored
wood dueto rot, and borer attack.

E. VISUAL INSPECTION

An overdl examination of the hull of awooden vessd which has been in service can givethe
ingpector an idea of the portions where deficiencies can be expected. Digtorted planking, pulled
butts, local damage, and unexplained wetness or weeping are tell tae indications.

Particular attention should be paid to the garboard area, sem, stern, transom, region under the
covering boards, the wind and water area, and around hull fittings. It isimpossibleto list each
area of trouble in each type of boat. In generd, areas which are hard to maintain, have poor
ventilation or are subject to heavy stresses display the most deficiencies.

F. INSPECTION FOR DECAY AND WOOD BORERS

Serious deterioration of awooden hull goes on within the wood itsdf with little or no outward
sgn until it iswell advanced. In order to spot decayed wood, which has not progressed to the
point where the wood gppears eroded and spongy, sounding with hammer can be of use.

Unsound wood will give adead or dull sound. Heavy timbers whose interiors are rotted may give
adidtinctive drum-like tone where the sound is not that of good solid wood, the member is
sugpect. Often, thefirg indication of "wet rot" isadistinctive musty odor which permegtesthe
interior spaces of aclosed up vessd. Deteriorated wood will be spongy when probed and repairs
generdly require complete renewd of the affected wood.
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1. Decay. Decay inwood is caused by various fungi which are living organisms whaose growth
depends upon suitable temperature (50 degreesto 90 degrees F), suitable food (wood),
moisture, and oxygen. Wood that isdry will not rot nor will waterlogged wood. In order to
provide a condition suitable for fungus growth, wood must be moist (from 20 to 80% moisture
content). This condition is promoted by poor ventilation. A well designed vessd should have
adequate ventilation of itsenclosed spaces.  Bilges, cabins, etc., of vessdsin service should be
opened periodicdly to dlow achange of air. Good ventilation of interior structure in wooden
hullsis one of the mogt effective measuresin the prevention of decay.

It should be redlized that decay progresses rapidly and thet it is more economical to eiminae
amd decayed areas early than become involved in cogtly mgor replacements caused by

neglected decay.

Moisture meters can be of use particularly in areas where FRP overlays or paint may hide
deteriorated wood. Use of the moisture meter and/or hammer should be followed up with
probing or boring to develop the extent of the defect. Core sampling can be used to determine
depth of deterioration.

It isimperative that indiscriminate probing and boring be avoided. Holes made by a probe or
drill on the exterior are potentia entry ways for wood borers. In the hull interior they alow
moisture penetration and thus aid in Starting decay. Probing and boring should be done
carefully and only where there is an indication from non-destructive testing that the materid is
unsound, not as ameatter of routine.

Holes made by boring should be plugged with dowels or plugs which are glued in place, not
merdy driven into thewood. Plugs and dowels should preferably be treated with wood
preservative to prevent future trouble. Areas which have been probed should befilled with a
suitable compound. When covering boards or other obscuring congruction isinvolved, it is
often difficult to locate deteriorated members by probing. In such cases, when bolted or
screwed fastenings are used, check for tightness of randomly selected fagtenings. If the
member is solid, the fastenings thus set up will take hold a the beginning of the turn. If serious
decay is present the fastening will turn fredy and fall to take a bite, indicating soft and spongy
wood.
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Decay is mogt often found in the following locations:

A. Internally.
1. All areasthat are poorly ventilated, i.e. at the stlem, transom, and along the sheer.
2. Inthe bilge especidly at the turn and dong the ked.
3. Thelower courses of bulkhead planking.

4. Areassunder refrigerators, freshwater tanks and valves and other areas where fresh
water can accumulate.

5. Intheareaof butt blocks and longitudind members where dirt and debris may have
retained fresh water.

6. At the heads of frames caused by fresh water leakage through defective covering
boards and from condensation.

7. Wherethe futtocks of sawn framesjoin and a the faying surfaces where the frames
abutt the hull planking.

8. Atthetermina ends of frames, floors, engine foundations, etc. whereend grainis
present.

B. Externally
1. Injointswhere fresh water has penetrated.

2. Around deck metdlic fastenings and penetrations.

w

At covering board joints.

4. Inmast fagtening locations and within naturd checks or compresson crac ks.

o

Under spar hoops, gaff jaws, mast partner deck penetrations, and any other areas
where wood is covered with metd or leather chafing gear.

Under freezing temperature conditions wood structural members with a high moisture content,
particularly in the bilge areas, may gppear quite sound when, in fact, they may be in advanced
stages of decay. Periodic examination of these areas should be conducted before freezing sets
in or after, dlowing sufficient time for thawing.
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The other principa form of deterioration which goes on within the wood iswood borer attack.

. MaineBorers. Marine borers are present to avarying degreein amogt dl the st and
brackish waters of theworld. They attack practicaly every species of wood used in boat
congruction. Thereisno sure method of protection from their attack. The two principa
methods are to physicaly keep the worm away from the wood (shesthing) and to make the
wood unattractive to the worm (toxic substances and coatings). The main types of marine
borers are listed in the following paragraphs.

A. Mollusks. (Often cdled shipworms) There are severd speciesof Teredo and Bankiain this
group. Though they vary in detall, their attack upon wood follows the same pattern.

They dart ther lives astiny free svimmers. Upon finding asuitable home, even atiny
crack in a sheathed bottom, they attach themselves and quickly changeform. Asapair of
cutting shells develop on their heads they bury themsalvesin the wood and feed upon it.
Thelr talsor " syphons' dways remain at the entrance to their burrow but, as the worms
grow, their heads eat channdsin thewood. The entrance holes dways remain smdl and
hardly noticeable but the interior of the wood becomes honeycombed. When they are not
crowded, some species of shipworm can grow to lengths exceeding four feet. One species,
(Teredo Navdis) can burrow up to 3/4" per day.

B. Martesa. Thesearewood boring mollusks which resemble smdl clams, they enter the
wood when they are smdl and do their damage within. They do not grow to the length of
shipworms but, nevertheless, they can do consderable damage. Their main areaisinthe
Gulf of Mexico.

When borer attack isjust gtarting it is possible to burn the holes clean with atorch and then
fill them with asuitable compound. If the attack is extensive, however, the only method
acceptable isto replace the affected wood.

Thefirgt principlein reducing the chance of borer attack is to keep the worm away from
thewood. Thisisaccomplished by sheathing or by toxic paints. If the protective coating is
broken borers can enter. To prevent this, sheathing where fitted, should be unbroken and
in good condition and the bottom paint should be free from scratches, nicks and scrapes
before the vessd islaunched.

Wormshoes, rubbing strakes and smilar members whose protective coatings have been
broken should be ingpected carefully. If they have heavy borer infestation they should be
replaced. Care should be taken to see that the infestation has not progressed from them to
the main part of the hull Structure. Though wormshoes are usudly separated from the hull
by felt or copper sheething, this separation is never 100% effective.
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Marine borers die when removed from salt water for any period of time. A vessd which
has been out of the water for afew daysand isessentidly dry will probably have no live
borers.

3. Termites. Classfied asawood boring worm found principdly in tropicd aress, the winged
variety often infest masts and wood gppendages of large salling craft, particularly those with
solid (grown) spars which have developed surface checks or compression cracks.

Termites burrow deep into the wood leaving tunnels which fill with water and promote decay.
Hammer testing and use of the moisture meter can often detect subsurface termite colonies. If
borer infestation is suspected under canvas deck coverings or in areas where wood is covered
or sheathed with metd, leather or composite overlayment, the covering should be removed to
fecilitate further examination.

G. CORROSION AND CATHODIC PROTECTION

1. Gengrd. Most wooden boats relay on meta fastenings for structurd integrity, and those
fastenings are subject to corroson. Because of the great structurd importance of the rdatively
amal mass of metd in the fagtenings, a smal amount of corrosion can cause maor problems,
therefore, theingpection of fagteningsiscrucid . Many casudties to wooden vessalsinvolving
gructurd fallures are caused by corroson of the fastenings. Underwater metd fittings of
wooden vessdls (but usualy not individud fastenings) are often protected dectricaly from
corroson by aprocess caled cathodic protection. Wood in contact with cathodicaly protected
fittings is often deteriorated by the chemica's produced by the protection process.

In inspecting fastenings, severd fundamenta facts must be kept in mind. Frst, most corroson
of metal fagtenings in wood proceeds from the surface to the interior at afarly congant rate
which can be predicted quite accuratdly by experience if the metd, the temperature, and the
nature of the surrounding wood are known.

Second, when afagtening isloaded in shear, like many bolts are, its srength isrdlated to its
crosssectiond area. Because the areavaries as afunction of the diameter, afastening which is
corroded to one-hdf its origind diameter retains only one-quarter of itsorigind shear Srength.
Third, fastenings which are loaded in withdrawa tensile rather than in shear and which rely on
threads or friction for their holding power (such as screws, lags, nails, and drifts) may lose thar
effectiveness completdy when only asmal fraction of ther origind diameter islogt to
corrosion.

The metds used for hull fasteningsin wood boats are stedl (often coated with zinc, or
gdvanized, to increase corroson resistance), bronzes (dloys of copper with metds other than
zinc), copper, nicke-copper ( Mond), stainless stedls (dloys of iron with chromium and nickd),
and occasondly duminum.
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Fagtenings can suffer from four principa classes of corroson - smple dectrochemicd
corrosion, gavanic corrosion, replacement corrosion, and stray current corroson. Stainless
ded fagtenings are dso susceptible to aform of corrosion caled crevice corrosion.

. Simple Electrochemica Corroson . Simple eectrochemicd corroson isthe normd way in
which meta's combine with oxygen to reach their more stable form as metalic oxides. Insea
water, dissolved oxygen and chloride ions (from salt) are the principa indtigators. Smple
electrochemicd corrosion rates are quite predictable for most metds. The processinvolves
two different types of reactions which take place at distinct locations on the meta-water
interface. An interface of metal and wet wood is the same as an interface of metal and water.
At the anodes, the free eectrons are absorbed in areaction that consumes the oxygen whichis
dissolved in the surrounding water or in the water absorbed by the surrounding wood. In
open water, the Stes of the anodes and the cathodes may be microscopicaly smdl and
intermixed - the metal may appear to corrode more or less uniformly. For afastening buried
inwood however, the area exposed to oxygen is often limited. The heads of fastenings tend
to support oxygen consuming cathode reactions and are thus protected from wastage, while
the deeper-buried shanks are where the anode reaction, and the physical wastage takes place.
For this reason, exposed or shallow buried heads are often the least-corroded parts of hull
fagenings. Thisiswhy hull fasten- ings in wooden boats cannot usudly be adequately
assesad without withdrawing them.

. Gavanic Corroson. Different metds have different levels of chemicd gability in water,
causing them to have different tendencies. These differencesin stability are measurable as
different dectricd potentids, or voltages. These potentids are tabulated in the "Gavanic
Series’. (See Table4-1 on page 4-17 at the end of this chapter.)

When two metas which have different potentias and which areimmersad in the same body of
water or wet wood are brought into direct physical contact or connected together with a
metdlic conductor, eectric current flows between them, dtering their corrosion rates from
those which exigted in the isolated state. The corragion rate of the less stable metd (which had
the more negative potential) increases, while that of the more stable metal (which had the more
positive potentid before the connection was made) decreases by an equa amount. Theless
gable metd isnow said to be undergoing galvanic corroson, an accelerated form of
electrochemicd corroson, while the more stable metd isnow receiving  cathodic protection,
with the other metd serving asa sacrificid anode.  In order for galvanic corrosion to occur, the
two different metals (dissmilar metds) must be connected dectricdly (by contact or by adirect
metdlic link, and they must be immersed in the same body of liquid or wet wood (ether of
whichiscdled an dectrolyte.) Two or more metds, dectricadly connected in acommon body
of dectrolyteare cdled a gdvanic cdl .

Gavanized ged (sed coated with zinc) isan example of an intentiond galvanic cdl - the zinc
actsasasarificid anode for the sted in the case of asmdl penetration of the coating. In
addition, despite being less gable than sted  gdvanicdly, the zinc is consderably more
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corroson resstant than the sted when it's not acting as a sacrificid anode for alarge area of
ded. Therésalesson here - the Gavanic Series should be used only to predict the nature of
gavanic interactions between metals - not to predict their relative corroson rates. For
example, duminum, whichisdso lessgable gdvanicdly than sted, dso hasalower corroson
rate than sted if itis gavanicdly isolated.

Theratio of the exposed areas of the two metals which make up agavanic cel isan important
factor in what happensto the metds. In the case of acdl made up of asmal piece of copper (a
gable metd) and alarge piece of sed (an unstable metd) the corrosion rate of the sted would
be only dightly increased by the connection, while the copper might be completely protected
from corrosion. If the arearatio werereversed (alarge areaof copper to asmdl areaof sted),
the corroson rate of the stedl (already high) would be greetly increased, while the corroson
rate of the copper (dready low) would be decreased only dightly. Inthefirg case, if the
copper isin contact with wood, the cathodic protection it receives comes at aprice. The
increased conversion of oxygen to hydroxyl ions which accompanies the protection will cause
deterioration of surrounding wood. Regardless of the arearatio, painting the copper will
decrease not only the adverse affect on the wood but the detrimental galvanic effect on the
ded aswdl. Panting the stled may decrease the totd gavanic effect, but will concentrate
what thereis a small imperfectionsin the paint film, causing severe locdized pitting which
could be disagtrous to thin material found in fud or water tanks.

In generd, galvanic connections should be avoided in wooden vessdls, unless they are made for
avery good reason (like cathodic protection) and the consequences (like wood damage around
protected metas) have been fully considered and mitigated (such as by painting the protected
metas).

. Replacement Corrosion . If ametd fitting or fastening is placed in an eectrolyte which contains
ions of amore stable metd, typicdly agavanized sed or dainless sted fitting in pressure
treated wood containing copper sats, the copper ions coming into contact with the fastening
will "plate out" as asolid copper film on the surface of the fastening, with equa numbers of

zinc or iron aomsionizing, or going into solution. The replacement reection itsdlf isa one-for
one process, and if the stable copper ions are depleted from the dectrolyte, the replacement
dops. However, the thin surface coating of copper on the sted fastening resultsin agavanic
cdl, which accelerates the fastening corrosion rate.

The three principa causes of replacement corrosion to wooden boat fastenings are, in
descending order of frequency and the likelihood of Sgnificant damage:

A. Copper wood presarvative sdts . Theseinclude copper napthenate from green Cuprinol,
which isusudly brushed on, and chromated copper arsenate (CCA) and ammoniacd
copper arsenate (ACA), which are used in pressure treating softwood lumber.

B. Copper Atsdisolvedin bilgewater. Copper chlorideis occasondly used asacure for
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the sour bilges (hydrogen sulfide) caused by bacterid decompostion of spilled diesd and
lube ails

C. Nearby copper-dloy fittings or fastenings . After along period of time, wood around
corroding copper dloy fittings or fastenings becomes saturated with copper ions. Any
ded, gdvanized ged, or dainless sted fagening driven into that area can suffer some
replacement and consequent accderated corrosion from gavanic effects. The effect only
extendsfor afew inches a most around the copper dloy fitting, however, it's prudent not
to use gavanized or sainless sted fagtenings for refastening boats previoudy fastened with
copper dloy fastenings, whether or not the origind fastenings are removed.

. Stray-Current Corroson.  Stray-current corrosion isamagnified verson of the galvanic
corrosion suffered by the more negetive metd in agavanic cdl. Inthe gdvanic cdl, the metd
is connected to another, more positive, metd, which draws dectronsfrom it and causesthe
anode reection rate of the negative meta to increase to supply those extradectrons. In stray
current corrosion, ameta comesinto contact with the positive side of aDC dectricd system,
the negative side of which isgrounded tothe seawater. The effect isthe same, but Sncethe
driving voltage is now 12 volts or more, instead of the few tenths of avolt found in galvanic
cdls, the resulting corrosion rate can be catastrophic.

Typica sources of stray current are submersible bilge pumps, bilge pump float switches, and
electricd wiring connectionsin the bilge area which might become submerged in the
bilgewater. Fittings can be subject to stray current corrosion by coming into direct contact
with achafed postive (hot) DC wire or, more commonly, indirectly by aDC fault current to
the bilgewater. Fittings which pass through the hull and are in contact with the outsde
Seawater are most susceptible. In the case of an indirect stray current path through the
bilgewater, fittings which arein direct contact with both the  bilgewater and the outside
Sseawater are most susceptible.

Figure C: Stray Current Corrosion
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Stray current corrosion generdly causes deep pitting of the objectsit affects, and isamost
aways highly localized to within afew feet of the source of the Stray current. In addition, the
effected metd partswill gppear to be unusudly bright or shiny. A DC stray current may cause
complete disntegration of asubgtantid fitting within afew days or even less. The magnitude
of the DC dray current may bea few ampsin severe cases, but usudly not high enough to
cause overcurrent protective devicesto trip. Stray current can discharge batteries quickly, but
in boats with shore-powered battery chargers, asubgtantid DC stray current may continue to
flow indefinitdy.

H. BONDING SYSTEMS

In order to protect againg the potentialy disastrous effects of DC stray currents, many non-
metdlic hulled boats have a network of wires which connect hull fittingswhich are a risk of dray
current corrosion with the negative, or ground sde of the battery, usudly viathe engine

block. Thisnetwork iscdled a bonding system. Inthe case of adirect fault to abonded fitting,
sufficient current will probably flow to trip the  overcurrent protective device, sopping the stray
current. Inthe case of anindirect stray current (thewireinthe bilgewater), it isunlikely that a
sufficient current will flow to trip the circuit, even with abonding system. In this case the bonding
system and the Stray current will share the fault current. An indirect fault, however, is often
limited by the corrosion of the exposed meta at the source of the fault, which eventudly siflesthe
current flow.

Figure D: Bonding Systems
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FIGURE D-1: TYPICAL BONDING SYSTEM

The bonding system ties the thru-hulls electrically to the negative terminal of the battery. When
a hot wire touches the thru-hull, the electrical path presented by the bonding wire has so much
less resistance than the eectrolytic path of the stray-current cell that a high current flowsin the
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bonding system. This should cause a fuse to blow or a circuit breaker to trip, interrupting the
gray current flow. Even if this does not happen, however, the amount of current that flowsin the
stray-current circuit before the battery becomes discharged, and the resulting corrosion of the
affected fitting, are greatly diminished.

FIGURE D-2: CATHODIC PROTECTION DISTRIBUTED BY THE BONDING SYSTEM
When there are no stray currents, the shaft zinc may protect not only the shaft and prop, but also
any fitting connected to the bonding system. This often resultsin alkali damage to the wood
around those fittings.

On wooden boats, bonding systems can cause unexpected problems. Firs, by connecting

together anumber of underwater fittings and fastenings, the bonding system may provide the
metdlic links which turn otherwise isolated dissmilar metdsinto agdvanic cdl. Second, the
bonding system often inadvertently supplies unneeded or unwanted  cathodic protection to objects
connected to the bonding system by connecting those objects to the propdler shaft's secrificid

zinc anode. This cathodic protection of underwater metd hull fittings often causes damaging

akdi ddignification of the surrounding wood.

The fittings on awood boat which are most susceptible to stray-current corrosion are those in the
bilgewater or those which arein close physica proximity to wires, while those most susceptible to
dkai delignification are those abovethe bilgewater leve, but below the waterline. Inthisareathe
wood is wet enough to be afarly good dectrolyte, but there islittle flushing action to remove
accumulations of cathode reaction products. The hydroxyl ions produced by the cathode reaction
on cathodically protected metal's can concentrate in these locations, damaging the wood and often
producing vigble deposits of sodium hydroxide (lye) crystas which appear as awhite mound of
sdt around fagtenings.

Bonded vessd's should be checked with alectricd potentiometer by aqudified eectricd
pecidigt for eectrica leakage to ensure that the boat isnot over  zinced. Thisisespecidly true
after avessd has been found to have extensive wood repair due to dkdi deterioration. Repairing
the wood, without determining the cause (viaacorrosgon survey) isapoor practice asit would
only be tregting the symptom.

. PAINTING GALVANICCELLS

Care must be taken in painting metas which are connected  galvanicdly to other metals. Inthe case
of sted and copper-dloy fittings, it would seem to make sense to worry more about the coating of
the stedl, Snce it is more prone to corrosion than the copper dloy. If however, those fittings are
connected together, forming agavanic cdl, painting the steel but not the copper may resultina
tremendoudy unfavorable arearatio for afew spots on the sed that are inadvertently not coated
well. When painting galvanic cdls, one should aways try to make the arearatio more favorable to
the susceptible metd. The answer isto paint both metds, and to pay particular attention to

reducing the exposed area of the cathode of the cdll (the copper).
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J. CREVICE CORROSON

Stanless seds are subject to a particular type of corroson cdled crevice corrosion, whichisa
severe form of pitting. Crevice corroson can destroy afastening in afew yearswhile only
damaging asmdl fraction of the totd mass of thefagening. The audenitic dainless deds
(including the most commonly encountered types, 304 and 316) derive their corroson resstance
from a surface oxide film which is self-repairing in ar or in the presence of oxygen dissolved in an
eectrolyte. In stagnant areas like wet wood or underneath marine growth or paint, however,
oxygen can be depleted by cathodic activity, alowing the ever-present chloride ionsto destroy the
filmin smal areas, which then undergo unpredictable and exceedingly rapid corroson.
Unfortunatdly, wet wood is anearly perfect environment for crevice corroson. Stainless stedd must
be used with great caution as afastening materid for wooden boats, and inspectors should be
suspicious of dl gainless sed fagenings, especiadly wood screws, used on boats in satwater
sarvice. Type 316 contains more nickel and chromium than type 304, and it dso contains
molybdenum, which inhibits crevice corrogon to a certain extent, but it is not completely immune,
Barbed or "ring" nails of type 316 are available, but wood screws of type 316 are generdly not
avalable.

K. INSPECTION OF FASTENINGS

A boat isno better than itsfastenings. The most common type of fastenings found on wooden
boats are screws, however, certain types of congtruction utilize nalls, bolts or rivets. Most hull
fastenings are conceded from view, being countersunk and covered; therefore their ingpection is
difficult.

Regardless of the type of fagtenings involved, ingoection to ascertain condition is necessary in
mogt plank on frame boats.

For purposes of uniformity careful fagtening ingpection must be carried out on dl vessls.
Removd of fastenings should be conducted asfollows.

1. For Cause - Sdtwater And Freshwater Service . Remove fagtenings whenever ingpection
reveds the probability of defects such aswhen aplank or planks are "proud” and have moved
away from the frames or indications of loose bungs, rust bleeding from fastening holes etc., are
noted.

Particular atention should be given to exposed hull fittings and through bolts accessibleingde
the hull, such asked bolts, chine bolts, and double frame, dlamp, and floor timber bolts. These
are asimportant to the totd hull structure as plank fastenings. They should be sounded with a
hammer or wrench tightened and, if suspect, some should be pulled for ingpection. Often abolt
will be completely wasted away inthe middle, a the faying surface of the joint, and will bresk
and come out when pried up. Thisis caused by moisture accumulation which, besdeswasting
the fastenings, forms an excellent place for wood decay to Sart.
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2. Peiodic. Ingpection of fastenings can prevent planking/frame fallure. Random sampling of
fagteners should be part of aregular maintenance program for continuoudy monitoring the
gructura condition of the vessd. Therefore for vessals designed and built to Subchapter "T"
I nspection Standards, random sampling of fastenings should begin at the 10th year of age and
every 5th year thereafter in salt water service and 20th year of age and every 10th year
thereefter in fresh water service.

For exigting vessds not originaly built to Subchapter "T" Ingpection Standardsbut  certificated
later in life, random sampling should begin a the 5th year of age and every 5th year therefter

in salt water service, and 10th year of age and every 10th year theregfter in - fresh water
service.

Scope Of Periodic Random Sampling Of Fastenings.
a Removeaminimum of eight fastenings per Sde below the waterline.

b. Concentrate sampling in the following areas:
Garboard seams
Semjoints
Plank endsin areas of bent planks
Shaft log(s)
Under engine beds where vibration is maximum

c. InvesHsof cross plank (CHESAPEAKE BAY DEADRISE) congtruction, specificaly
Ingpect fastenings a the kedl and chinejoints, at transom attachments, and over the

propeller(s).

It isextremely important that the type, materid, and location of the fastenings removed, along
with adescription of their condition be accurately documented. Thisincludes areas of the
vesse which have undergone refastening aswell. Use of acameraisinvauablein recording
arees of interest during inspections.

Compogte, cold molded and laminar built-up wooden hulls often depend on adhesives and
resinsfor fastening purposes. Inspection of these type vessals requires common sense and
good judgement to identify the method of congtruction used and thereby determine the extent
of ingpection required. Generdly, these vessels do not require periodic random sampling of
fastenings by remova except for cause.

L. INSPECTION OF CAULKING

The art of caulking isan ancient one which requires experience and a certain "touch”. A good
caulker makes hiswork look easy but it is a skill which takes much experience to develop.
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Caulking materids are subject to deterioration. It is advisable to search the seamsin any doubtful
areas and re-caulk. Caulking should be uniform and well "horsed" home. This can be checked
with aprobe or knife. Care should be taken that the caulking has not been driven clear through the
seam. Over caulking is as bad as under caulking.

Extensve trouble with caulking may be indicative of structurd problems, which often includes
broken or deteriorated fastenings and/or frames. If ahull "works' excessvey, caulking may be
queezed out. In such cases, the hull structure will have to be made sound before caulking will
hold.

In old hulls, where the seams have become enlarged from repeated re-caulking, copper or lead

grips may have been nalled over the seamsto act as caulking retainers. These are atemporary
remedy and are an indication of poor generd condition of the vessd. It is advisable that such strips
be removed and the seams ingpected for excessve width, poor caulking and decay. In some cases,
wide seams can be repaired by the use of thin wedge shaped  splines driven into the wide seams and
bedded in marine adhesive. This procedure requires excd lent workmanship and should be pursued
with caution. In most caseswhere garboard seams have widened beyond caulking limits,
refagtening of the ked, frames and renewd of the garboard planks may be the only acceptable
methods of repair.

. INSPECTION OF FITTINGS

Rudder and propdler struts and fastenings should be examined carefully. If sugpect, random
remova of fastenings for ingpection should be accomplished. The steering arrangement should be
ingpected from the steering whed tothehed  pintle. Wear in the carrier bearing and excessive
clearances el sewhere should be corrected. Tiller lines should bein good condition with shackles
moused and bolts cottered.

The shaft log glands should be in good condition and the deadwood should be sound. Thisis often
neglected and is a potentid cause of leskage.

Propeler shaft cracks are sometimes found at the keyway. A careful examination hereis essentid.
Magnetic particle testing is usudly not available in asmdl boatyard so the ingpector must depend
on visudly locating surface cracks. Dye penetrant testing is rdaively inexpengve and can be useful
when deemed necessary.

Some older boats are ll fitted with AM radio hull grounding plates. These are usudly copper
sheet metal of severd square feet in area attached to the underwater hull. Use of AM radio
equipment is no longer found on smal passenger vessals. To minimize the mixing of metals below
the waterline, the old ground plates should be removed and the hull inspected, repaired as found
necessary, and recoated.
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Inspection of hardware fastenings should aso be accomplished including cleets,  bitts, chain plates,
etc., where threaded fasteners hold load bearing aswell as structurd parts.

N. HULL DAMAGE

Mot hull damage can be seen readily. Cracked and broken members are obvious faults.

Likely locationsfor cracks or breaks are in areas of high stress or where the structure undergoes a
sudden change in shgpe. Theturn of the bilge is the prime location for bresks of thistype. The
harder the turn, the more chance that damage has been done. Bent frames are particularly
susceptible to breskage under bilge stringers, especidly when the stringers are subgtantialy thicker
than the planking or when there are large diameter fasteningsin the dringers.

Wood hulls are more prone to secondary damage remote from the Site of collison or grounding
than are ded hulls. Damage may conast of sprung butts, pulled fastenings, sprung or cracked
frames and misdignment of the dructure. Iningpecting any damaged wooden hull, the entire
vessd should be checked.

O. DEFICIENCIES

When deficiencies are encountered an eva uation must be made of their extent and thair effect on
seaworthiness. The following factors must be weighed in making this determination:

1. Isthe defect progressve and, if so, how can its progress be arrested?
2. How long will it be before the arealin question is next ingpected?

3. Isthework contemplated necessary to restore seawo rthiness or to prevent the vessd from
becoming unseaworthy, or isit a maintenance measure to prolong the life of the vessd?

Specific requirements detailing the nature and extent of required repairs should be written.
However, with wooden vessals the generd rule "renew as origind" while gpplicable, is not dways
practica nor necessarily the best way to effect repairs. Most accepted methods of marine repair
may be used aslong asthe vessd's strength is not adversdly affected.

Wood isanaturd materid, its quality cannot be controlled as closaly as with amanmade product
such assted. Consequently the ingpector should check the materid to be used in repair work.
Specid attention must be given to the type of wood proposed for each purpose and for any
inherent defects.

Many deficiencies, particularly surface defects or scars caused by chafing, freezing and other forms

of exterior deterioration are not as serious as they may first appear. Do not be hasty in requiring
the correction of minor defects of this nature in otherwise sound seasoned planking.
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Requirements For Adequate Repairs Are:
1. Useof good material comparable in propertiesto that replaced.
2. Repairs extensve enough to ensure that the hull is at as strong asthe origindl.

3. Condruction details and fastenings at least equivaent in strength and in qudity to
those replaced.

4. Good workmanship.
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TABLE 4-1: THE GALVANIC SERIESOF METALSIN SEAWATER

Voltages are those measured againg aslver/slver chloride (Ag/AgC1) reference dectrode.

Voltage

Noble or Cathodic M etals Dedgnation Potential
Graphite C +027V
MAatinum Pt +024V
Titanium Ti +0.02V
Incoloy 825 +0.02V
Ag/AQCl Reference Electrode 0.00V
316 Stainless Sted (passive) -0.03V
Mond 70 %, 30 % cu/ 400,K-500 -0.06V
304 Stainless Sted (passive) -0.06V
Slver Ag -010V
Nicke Ni -013V
Siver Brazing Alloys -0.13V
Inconel 600(passive) -0.13V
Ni-Al Bronze C63x,C94-8 -0.16V
Cu-Ni (70-30) C715-9, Coe4 -018V
Lead Po -0.20V
Cu-Ni (80-20 and 90-10) C710, C706 -022V
"Nickd Silver" C745-70,C97x -0.25V
Phosphor (Tin) Bronze C524,CA03-5C2x -026V

Silicon Bronze C655, C872 -0.25V
Manganese Bronze C675, C86x -0.29V
Admirdty Brass C443-5 -030V
Aluminum Brass C687-90 -0.30V
Lead-Tin solder -0.30V
Copper C10x, CllIx, C12x -031V
Tin N -031V
Nava Brass"Bronze'( Tobin Bronze) C464 -033V
Ydlow and Red Brass C23x-27x,C83x-85x  -0.33V
Aluminum Bronze C606-24, C952-3 -0.34V
Stanless Sted 316 (active) -0.39V
Stanless Sted 304 (active) -049V
Low Alloy Seds -058V
Sted, Cast Iron -0.63V
Aluminum Alloys -0.87+/-.10V
Zinc Zn -1.00V
Magnesum Mg -160V
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All vaues are for seawater a room temperature.

Average varidbility is+/-.04 Valtsfor dloys containing nickel or iron, +/-.02 V for copper dloys
without nickel.

Sign of corrosion potentid assumes that the "COMMON" or negative (Black) termind of the
voltmeter is connected to the reference eectrode and the "VOLTS-OHMS', or positive (Red) termind
is connected to the metd to be measured. The reference eectrode must be immersed in the same body
of eectrolyte asthe meta being measured, preferadly in close proximity.

To use Zinc asareference dectrode ingead of  Ag/AgCl add +1.00 voltsto the potentidslisted in this
table. For example, low dloy sted should measure-58V +1.00V, or +0.42V agang zinc, and
magnesum should measure - 1.60V + 1.00V,or -0.60V againgt zinc. Extremely accurate
mesasurements should not be attempted with zinc as areference, snceit isnt asstableasthe  Ag/AgCl
electrode.

Metds arerecelving cathodic protection when their measured potentials are more negative than their
naturd corrosion potentids listed here, and are generdly completdly protected from corrosion when
their potentials measure .20V to .25V more negative than the values listed in this chart.

Metds are receiving sray current or are the anode of a gdvanic sysem (these are equivaent Stuations)
when their potentials measure more posditive than the values listed in this chart. Metasin this Stuation
are generdly suffering accelerated corrosion.

Copper dloy designations. Alloys numbered C100 to C799 are wrought dloys, those numbered C800
to C999 are casting dloys. "X" indicates arange of dloys sharing the preceding digits.
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CHAPTER 5. REPAIRS
A. GENERAL

Wood boat congtruction varieswidely from locdlity to locdity and boat to boat. All types of
repairs which an ingpector may encounter cannot be listed. Representative types and standards
which are given here are intended as agenerd guide to good practice and asan ad in evduating
required repairs. Repair standards for wooden hulls should be devel oped for each locdity on
the basis of prevailing conditions and practice.

B. PLANKING REPAIR AND NOTES ON JOINTSIN FORE AND AFT PLANKING

When planking is replaced, the frames and other structures should be thoroughly inspected and
placed in good condition. Holes made by old screw fastenings should be properly reamed clean
and may have the cavitiesfilled with an epoxy mixture thickened so asto provide afiller which
will hold fagtenings like wood. Since nail fastenings depend upon the swelling of the wood
around them after they are driven for their holding power, this technique should not be used for
holes made by old nall fastenings. Holes made by old nall fastenings should be properly reamed
clean and filled with dowels set in asuitable adhesve.

When fastenings are loose it does little permanent good to harden up those which exis.
Additiona fastenings, properly placed, are the preferred repair where there is sufficient room to
obtain good holding power without serioudy weekening the planking or frames. If thereisnot
room, holes in the sub-structure from the old fastenings may be repaired as noted above and
new dightly oversized fastenings may be driven. Loose planking can dso result from
deteriorated frames and other sub-structure in which case refastening is usdess unlessthe
gructureisfirst made sound.

Replacement fagtenings should be at least equd in Sze, number, and of the same materid as
those of the rest of the planking.

Mixing fastening materids invites gavanic corroson and should be avoided. Use of gtainless
ded fagteningsin underwater body salt water plank fastenings can result in early fastening
falure dueto crevice corroson and should dso be avoided. (See Page 4-12 for detailson
crevice corrosion).

Asarule of thumb, the replacement plank should extend at least six frame spaces and no portion
of aplank shorter than six frame spaces should be dlowed to remain. Where specid conditions
govern, thisrule may be modified but, as alower limit, the replacement plank should be a least
5 feet long and its butts should be spaced in accordance with the rule for buttsin this chapter.
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When hull planking is placed on a boat, it should have the concave side of the annud rings
facing toward the frame. This prevents"cupping” as the moisture content of the wood changes.
Deck planking which generaly seesdrier service should be placed with the grain on edge or
verticdl. If dash grained planks are used, especidly when the planking stock is not fully dried
and the boat is painted adark color, it isentirely possible that the plankswill dry out in service,
and the edges of planks whose ring curvature isinward will lift. Some builders, based on the
moisture content of the planking and the expected sarvice conditions, will intentiondly place the
concave ring curvature outward in the topsides. Thisisgood boat building practice, and it
should not be prohibited.

It is sometimes necessary to shape the inboard side of areplacement plank to fit tightly againgt
theframes. The use of shimsor packing piecesfor this purpose should not ordinarily be
alowed.

Hats, " dutchmen” or short lengths of planking are normally not acceptable since they will not
hold fastenings and are structuraly unsound.

C. DIAGONAL PLANKING

The same principles goply to diagond planking but due to the rdatively short lengths of the
individud planks, aportion of a plank is seldom replaced.

Because the proper repair of double and triple diagona planking is expendve and time
consuming, short cutsinvolving the use of - dutchmen and backing blocks are sometimes
atempted. These should not be permitted. Most other planking systems follow the same basic
principles of repair as outlined here. Good workmanship and care are the mgjor requirements
for proper repair. See Wooden Boat Regtoration and Repair  (Reference 6).

D. PLYWOOD REPAIRS

Smadl surface defects may be repaired usng commercid fillers (epoxy putty, etc.). Indlowing
thistype of repair the wood must be decay free and dl damaged wood removed. Minor repairs
of thistype are satisfactory where basic strength has not been affected. The danger liesin
covering up progressive defects such as decay which grow worse under the repair materid.

Damaged areas up to afoot square can be successtully repaired by cutting the damaged area
away in arectangular or ova shape, ingaling abacking block of equd thickness as the damaged
plywood, and shaping an insart piece to suit the cut-out. The repairs should be set in place with
marine adhesives, i.e. Resorcinol glue or epoxy, and fastened with wood screws. Flling, fairing
and coating complete the repair.
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E.

Large pane damages should be evaluated to determine if abeveled insert section can be used
for the repair or if the entire pand must be replaced.

Each plywood repair must be evaluated as to cause, location, materials and strength achieved
through the method selected. For detailed repair methods refer to - Wooden Boat Restoration
and Repar (Reference 6).

BUTT JOINTSIN PLANKING

Panking butts should not terminate on framesin norma congtruction. They should be located
between frames on proper butt blocks, though in light congtruction with narrow  strakes, they
may sometimes be found as glued scarf joints at the frames and in some construction with
massve framing they may be found butted on the frames. Asarule of thumb, buttsin adjacent
planks should be at least three frame spaces apart for transversely framed, longitudindly planked
vesss.

Those butts which fdl in the same frame bay should be separated by e least three solid — Strakes.
Thisisnot dways possible, epecidly at the end of the vessd, but servesto illugtrate the
principle of keegping butts separated as much as possible. Where frame spacing is unusud the
following rule may be used asaguide.

Buttsin adjacent strakes should be no closer together than S feet. If thereisasolid strake
between, they should be no closer than 4 feet. Buitts should be shifted so thet three or more do
not fall on adiagond line.

To be effective abutt block must have adequate Size (See page C-12). If the frame spacing
dlows, itslength should be at least 12 times the planking thickness. Its thickness should be one
to oneand ahdf times the planking thicknessand itswidth a least 1" greater thanthe  strake
width. Prior to ingdlation it isrecommended that the faying surface of the butt block and
strakes be coated with awood preservative. Thetop of the butt block should be curved or
chamfered to dlow for water run off. Avoid butting the block hard againgt the framesto

minimize decay.

The fastenings of the strake to the butt block should be of equal strength to that of origina
butts. The fastening Sze should be equa or larger and no fewer number of fastenings should be
alowed. Through bolts or machine screws are preferred fastenings in butt blocks because the
joint will achieve maximum strength. Care should be exercised to avoid over tightening so as
not to crush the planking or split the butt block.

Plywood butt blocks should be avoided because plywood has somewhat Iess strength than the

"dong thegrain” strength of the basic wood from which it ismade. Plywood isdso proneto
delamination and rot precipitation.
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F.

For new congtruction or for repairs "not in kind" the following table lists the suggested number
of fagtenings for planking:

Suggested M inimum number of fastenings for planking to butts and frames.

Number of Number of Fagteningsin Frame
Width of Fagtenings 1/2- Inch I-l 1/2 Inch 11/2-2 Inch
Aank in Butt of Aank Aank Aank
(inches) Each Plank Thickness Thickness Thickness
34 3 2 2 2
4-6 4 2 2 2
6-7 5 3 2 2
7-8 5 3 3 2
8-10 6 3 3 3
Glued Scarf Joints

For aglued scarf joint, the plain scarf without nibs (see Figure E) isthe Smplest and strongest.
Water resistant glue or epoxy resin should be used and the dope of the joint should be /12 or
flatter for maximum joint efficiency.

Scaf Sope Typicd Joint Efficiency for awdl
(depthv/length) made glued joint without nibs
112 90%
1/10 85%
1/8 80%
/5 65%

These efficiencies can be atained only with optimum adhesve conditions and excdlent
workmanship.

MECHANICALLY FASTENED SCARFS

Mechanically fastened scarf joints are most often  nibbed, hooked, or keyed to provide extra
axid restraint and to aid water tightness.

The surface of scarf joints should be smooth and flat to ensure good fit and adhesion.

Fastenings should be adequate in Sze and number and arranged S0 as to prevent splitting the
wood.
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Thereis congderable advantage in the use of split-ring timber connectors in mechanicaly
fastened joints including backbone scarf joints. Timber connectors should be considered
between the futtocks of full double- sawn or dternating double- sawn frameswhich arein line
with heavy concentrations of insde or outside balast.

Maost mechanically fastened scarf jointsare  nibbed a the ends for adepth of gpproximately 15%
of the depth of the member, giving ajoint length of at least 6 times the depth.

A scarf joint which is fastened by mechanicad means done cannot, even under the best of
conditions, produce ajoint gpproaching a solid member in strength.

Glued Butt Joints

Glued butt joints never give joint efficiencies of over 20% and should not be permitted. Refer to
THE ENCYCLOPEDIA OF WOOD (Reference 1).

Figure E: Common Forms of Scarfs
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KEYS
COMMON FORMS OF SCARES
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G. FRAMING REPAIRS

Sster Frames

Damage to frames can be repaired by the use of Sster framesthough it is preferred that the
frame be replaced if practicable.

The preferred type of Sster frameis one of equal Sze to the damaged one and aslong as
possble. They should extend at least 18" or gpproximeately four plank widths beyond the
damaged area. This frame should be fastened to the planking and other structure with fastenings
a least equd in Sze and number to those of the damaged member.

Care should be taken when recommending that Sster frames be of greater Sze than the damaged
framethey reinforce. The weskening effect of bending isinversely proportiond to the square of
the bend ratio (see "Bent Frames', Wooden Boat No. 86, page 87.). Thismeansthat usng a
gger frame which is degper (larger in molded dimengion) than the origind frame will produce a
more severe bend ratio in the Sster frame, and may actualy result in the Sster frames being
weeker than the origind frames, despite being larger. Often the origind frames broke because
their bend ratio wastoo severein the first place. Successful Sgter framesmay be  kerfed if
necessary to ease the severity of the bend when that was the problem with the origina frames.
This greatly increases the effective tendle strength of the Ssters without any necessity for

greater cross-section.

It isimportant to note that bending sster framesinto hard spotsin the hull caused by broken
frames may cause localy severe bendsin the Ssters, which will very likely cause them to breek
in service. If the hard spot cannot be corrected (this usudly requiresremovd of the origind
frames), it isactudly better to let the Sster frame bend fair, spanning the hard spot and then to
shim it to the planking rather than bending it into the hard spot.

Long sgter frames, wdll tied in to the main structure of the vessdl should not normaly butt
agang damaged frames, though thisis acceptable where it forms the best method of tying in the
new frame. If the frames abutt, a good bedding compound or adhesive is required to exclude
moisture from between the pieces.

Where structurd or machinery interference or other reasons prevent fitting along sster frame
well tied into the other structure, ashorter "partid Sster” may be fitted as atemporary repair.
This should extend asfar as practica on both sdes of the damage and should be securely
fastened to the damaged frame by bolting or equivdent means aswell asto the planking and
other structure. Provisions should be made to exclude moisture from between the pieces.
Temporary repairs of this nature should be monitored closdly, followed by evaduation for
congderation of further repairs or acceptance as permanent repair. Unusud or nonstandard
repairs accepted as permanent should be properly documented in the vessdl's permanent file.
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A good wood presarvative is recommended for useon dl  faying surfaces. Ensure that
precautions are taken that water cannot accumulate at the top of the partid frame and initiate
decay. A sger frame should not be used asarepair for decayed frames. The decayed wood
will eventually "seed" the sound wood with decay sporesin spite of any attemptsto prevent it
by the use of wood preservatives or to isolate the new wood with sealing compounds. When
extengve decay is present in aframe the only permanent repair isto replace it and any adjacent
wood affected. If the decay islocalized, or such that frame replacement is not practical, the
decayed section of frame may be cropped out, and replaced with anew section, usng a
maximum scarf angle, suitable adhesve, and by mechanically fastening the new scarf joint. A
ggter frame of the gppropriate dimensions may then be placed next to, and centered around the
new scaf joint in the origind frame. Thisrepar may be congdered permanent after proper
monitoring and evauation as previoudy described.

Where frame damage is evident but sster framing is not practica, consderation can be given to
inddling interframes between the affected frames or to Strengthening damaged or weskened
frame areas with fitted metd frames. Such repairs require excellent desgn consderations and
workmanship and should be undertaken with caution.

H. DECAYED FRAME HEADS

Heads of frames under covering boards often become decayed due to lack of ventilation and
accumulation of fresh water leskage. With sawn frames, this can be corrected by replacing the
upper futtock. If the futtock islong or the frameisin one piece, it can often be cropped off well
below therot (at least 2 feet isagood rule) and apiece spliced in using aglued and screwed
scaf joint of proper dimensons. As an dternate measure alap joint of sufficient length may
replace the scarf. Repairs to more than two adjacent damaged frame heads should not be made
by short cropping but should be made by renewing the frames or replacing the damaged sections
by scarfing and then sgtering the frame.

One of the principa causes of frame head decay is entry of water from deck leskage or
condensation into the exposed end-grain a the head of the frame. This problem can be reduced
greatly by angle cutting the frame tops dightly short of the underside of the deck, leaving a 1/8"
to 1/4" space for ventilaion, and, most importantly, by  painting the end grain of the frame heads

to prevent entry of moisture. The dight gap between the frame heads and the deck dso ensures
that if the sheer drakes should shrink dightly, the covering boards (margin planks) will not be
lifted Off the shear dtrakes by the frame heads.

|. TREATING ISOLATED DECAY

A method which can arrest the progress of incipient decay, at least temporarily, isasfollows:

The affected areais scrgped clear of dl decayed materid and for some digance into
goparently clear sound wood. A strong preservative solution, for examplel:10
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pentachlorophenal stock solution, is gpplied fredy. Thisisalowed to soak inand dry.
Repeated applications are made until the wood refuses to take any more preservative.
Often asmdl "cofferdam’ can be made to retain apool of preservative over thearea. To
be effective the preservative must snk in and sterilize the wood for a considerable distance
since decay sends out spores ahead of the damaged area.

After the trestment is completed the cavity made by the scraping may be left unfilled but should
be painted. Filling it will smply hide any additiond rot till working.

Thismethod isatemporary repair only. It will usualy dow decay growth, but will sldom
eiminate al traces of decay.

Painting of wood structures not only prevents decay, but dso prevents rgpid short-term changes
of moisture content which result in structuradly damaging dimensiona changes. The proper
coating of wood structures can be asimportant as coating of sted structuresin maintaining
Sructurd integrity.

J. SHEATHING OF EXISTING WOOD HULLS

Although regjected by wood boat purigts, various reinforced resin systems have been tried with
some success, both as new congtruction methods for cold molded wood congtruction, and asa
method to restore strength and water tightness to existing plank-on-frame constructed boats.
Over the past 20 years, severd systems have proven themsalves successful in service, and have
been recognized by locd OCM s on a case-by-case basisfor certified smd| passenger vessdls.
Thefollowing guidance is provided to assst local officesin evauating potentia sheathing
gystems.

Improper methods of reinforced resin overlay, or overlay of an unsound structure will generdly
not belong lasting. Thisisespecidly true of sheathing plank-on-frame vessels whose hulls tend
to flex or work. The new laminate generdly haslittle flexibility aong itslength and breadth,
tending to age harden and develop “tengon cracks’ which destroy water tightness and strength.
An evauation should be made consdering, but not limited to, the following items:

1. Inthehull, even aharrline crack can dlow undetected entry of marine borers.

2. With old structure which has been painted or preserved, agood bond is very difficult to

attain and will require mechanical fastening in addition to the adhesve strength of the

resn.

3. Any rot present will continue to grow worse under the sheething if the proper
conditions of moisture and heet deveop.
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4. Itisdifficult to acquire enough strength from areinforced resin coating to make up that
lost from an unsound substructure.

5. Itisdifficult to check the soundness of the substructure once the sheathing system has
been gpplied.

6. Boats which have been shesthed may be susceptible to interior deterioration from
inadequate ventilation. Evidence of visble hog or sag dong the ked or sheer lines,
erratic moisture meter readings or areas Soft to probing should be thoroughly
investigated.

There are three sheathing systems with which the Coast Guard isfamiliar, and that have been
used on certificated smal passenger vessds currently in service. They each have different
methods of gpplication which require varying degrees of hull preparation. Theseare:

1. VaitsesOverlay. Thisisahull sheathing sysem developed by Alan  Vaitses of
Mattapoisett, Massachusetts, which uses conventiona polyester resin reinforced with a
lay-up of fiberglass matt and woven roving mechanically fastened with nails, wood
screws or preferably heavy stgples during the gpplication. After fastening is complete,
svead layersof matt are goplied to complete the job. This system was oecificdly
designed for overlay of existing vessels, and has been successfully used for vessas from
yachts to heavy timbered commercid fishing vessals from 20 to 50 feet long. A key
feature of the Vatses Overlay sysem isthat it requires minimum hull - prepara-tion.
Detalls and specific guidance on hull preparation and proper gpplication of this method
are provided in Reference #15: Covering Wooden Boats with Fiberglass .

2. W.E.ST System Overlay. Thishull sheething systemn, developed by the Gougeon
Brothers of Bay City, Michigan, conasts of overlays of plywood or cedar strips gpplied
diagondly to the hull, and held in place with non-corrosive staples, while fully saturated
in epoxy resin. Proper wet out and temperature/humidity control are essentid to
achieve agood bond. Sheathing should be conducted under cover, protected from
direct sunlight and wind/wesether. Details and specific guidance on hull preparation and
the various methods of gpplication of this method are provided in reference #5:  The
Gougeon Brothers on Boat Congruction and #6 Wooden Boat Restoration and

Repair.

3. Fiberglass Planking System (C-FLEX). The main component of this system utilizes
fiberglass rod reinforced high strength materia and continuous fiberglass roving formed
into 12" wide planks. Thismaterid is applied over wooden hulls perpendicular to the
plank line to withstand the expanson/contraction of the wood planks, and is securely
fastened to the planking with bronze staples. A moisture-cured elastomeric
polyurethane adhes ve designed for marine gpplications, which will adhere to wet
wood, treated wood, and virtudly dl the various types of marine
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planking woods, isused to bond the materid to the planking. Beingan eastomeric, it
will withstand extreme stretch and compression forces without bresking itsbond, a
quaity essentid in preventing delamination caused by the "working” of the hull. This
method requires careful hull preparation and application. Further information can be
obtained by contacting Seeman Fiberglassinc., 6117 River Road, Harahan Louidana
70123.

Approva and use of hull sheathing systems should not be limited drictly to the above,
however, the systems outlined here have demondtrated a successful operationd history.
Other methods must be carefully considered by the locd OCMI on a case-by-case
basis.
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